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(54) Thermally isolated silicon layer 



(57) An integrated optical circuit is formed on a silicon layer supported by a substrate 5, a portion (1, fig. 1) of 
the silicon layer is rendered substantially thermally isolated from the substrate 5 by being so arranged as to 
extend over and across a recess or pit 2 formed in the substrate 5 through the silicon layer 4. Temperature 
control means 9 are arranged upon the silicon portion (1) to control the temperature of the portion or of any 
device placed thereon. A thermal expansion gap (1A, fig. 3) may be provided in the portion (1) so as to 
accommodate thermal expansion of the portion. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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2320104 

THERMALLY ISOLATED SILICON LAYER 

This invention relates to an integrated optical circuit formed in a silicon layer 
and supported on a substrat with at least a portion of the silicon layer being 
substantially thermally isolated from the substrate. 

Temperature control of integrated optical devices, particularly silicon-on- 
insulator (SOI) waveguides, is desirable in order to adjust the refractive index 
of the device (the refractive index of silicon increases by a factor of 2 x 10* 4 per 
degree C, which is a relatively large change compared to other optical 
materials). 

Prior art such as EP-A-0255270 proposes the use of a recess in a silicon 
substrate in order to thermally isolate a silica waveguide extending thereover to 
avoid thermal stresses in the waveguide due to the different thermal expansion 
co-efficients of silicon and silica. This prior art also discloses forming the 
waveguide as a cantilever structure to provide an on-off switch activated by 
displacement of the cantilevered waveguide. 

The present invention is concerned with integrated optical circuits formed in a 
silicon layer. 

According to a first aspect of the invention, there is provided an integrated 
optical circuit formed in a silicon layer and supported on a substrate, a portion 
of the silicon layer being substantially thermally isolated from the substrate by 
extending over a recess in the substrate and temperature control means being 
provided to control the temperature of the said portion of the silicon layer or of 
a device provided thereon. 

Preferred and optional features of the invention will be apparent from the 
subsidiary claims of the specification. 
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The invention will now be further described, merely by way of example, with 
reference to the accompanying drawings, in which: 

Figure 1 shows a plan view of a silicon-on-insulator waveguide extending 
across a recess in a substrate according to a first embodiment of the invention; 

Figure 2 shows a cross-sectional view taken on line a-a of Figure 1 ; 

Figure 3 is a similar view to Figure 1 and shows a second embodiment of the 
device; 

Figure 4 is a similar view to Figure 1 and shows a third embodiment of the 
device; and 

Figure 5 shows an enlarged view of part of the device of Figure 3. 

The integrated optical circuit described herein is based on a silicon-on- 
insulator (SOI) chip. A process for forming this type of chip is described in a 
paper entitled "Reduced defect density in silicon-on-insulator structures formed 
by oxygen implantation in two steps" by J. Morgail et al. Appl. Phys. Lett., 54, 
p526, 1989. This describes a process for forming a Very Large Scale 
Integrated (VLSI) silicon-on-insulator wafer. The silicon layer of such a wafer is 
then increased, e.g. by epitaxial growth, to make it suitable for forming the 
basis of the integrated interferometer described herein. SOI chips can also be 
formed in other ways. 

Figure 1 shows a silicon-on-insulator waveguide 1 extending across a recess 2 
in a silicon substrate 3 in the form of a bridge. The recess is in the form of a V- 
groove etched in the substrate, the ends of the V-groove comprising sloping 
faces 2A, 2B due to the manner in which the V-groov is etched. The 
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groov etched in the substrate, the ends of the V-groove comprising sloping 
faces 2A, 2B due to the manner in which the V-groove is etch d. Th 
waveguide 1 xtends obliqu ly across the V-groove 2 and forms part of an 
integrated optical circuit (not shown) such as a Mach-Zehnder type optical 
switch. 

As shown in Figure 2, the device is formed on an SOI chip which comprises an 
upper layer of silicon 4 separated from a silicon substrate 5 by an insulator layer 
6, typically formed of silicon dioxide. Further details of this form of waveguide 
are given in a paper entitled "Low Loss Single Mode Optical Waveguides with 
Large Cross-Section in Silicon-on-lnsulator" by J. Schmidtchen et al in Electronic 
Letters, 27, p1486, 1991 and in PCT patent specification no. WO95/08787. 

The SOI waveguide 1 extending across the V-groove comprises a rib waveguide 
7 formed in the silicon layer 4 supported by the silicon dioxide layer 6. Figure 2 
also shows the oxide coating 6A which is formed over the rib 7 and adjacent 
silicon slabs 4. A portion of the SOI waveguide 1 is substantially thermally 
isolated from the substrate 5 as it extends across a region from which areas of 
the substrate adjacent and beneath the waveguide have been removed during 
the formation of the V-groove 2. The length of the recess 9 depends on the 
application. Typically, the recess 9 may be between 50 and 1000 microns in 
length. 

The formation of an SOI waveguide extending over a V-groove is also described 
in the applicants' co-pending application no. PCT/GB96/01608 (publication no. 

WO ) which describes a waveguide overhanging the end of a V-groove to 

facilitate butt coupling with an optical fibre positioned in the V-groove. 

The rib waveguide is typically 4-13 microns wide and 4-13 microns deep 
(measured from the oxide layer 6) and the oxide layer 6 typically has a thickness 
of around 0.4 microns so the overall thickness of the suspended waveguide is 
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around 5-14 microns. Although the width of the rib waveguide is typically 4-13 
microns, the slab waveguide (comprised of the silicon layer 4) on either side 
thereof as well as the underlying oxid lay r 6 pref rably have a gr at r width, 
e.g. of 20 - 40 microns, to increase th strength of the suspended waveguide. 

The device shown in Figures 1 and 2 is also provided with temperature control 
means, e.g. in the form of a metal coating or coatings 9, typically of aluminium, 
applied over the waveguide 1 or a portion of the waveguide 1. As shown in 
Figure 2, the coating 9 may be deposited as one or more conductive strips on 
the slab on either side of the rib waveguide 7 and/or on the rib 7. The 
conductive strips can be heated by passing a current therethrough to heat the 
waveguide 1 . Due to the thermal isolation of the waveguide 1, very little power 
is required to heat the waveguide 1 , e.g. a few micro Watts, and its temperature 
can be increased very quickly, e.g. at a rate of less than a millisecond/degree C. 

Other forms of temperature control means may be provided, e.g. conductive 
tracks formed in the slab waveguide by doping regions of the silicon layer 4. 

By providing the waveguide in a substantially thermally isolated portion of the 
silicon layer 4, the need to heat large areas of the chip, which would consume 
considerably more power and be more difficult to control, is avoided. 

The temperature of the waveguide 1 can be monitored by suitable temperature 
sensing means, e.g. one or more pn junctions formed across the waveguide 1 or 
other part of the thermally isolated portion of the silicon layer 4. Figure 5 shows 
pn junctions formed across the waveguide by means of p-doped and n-doped 
regions 10 formed in the silicon slab 4 on either side of the rib waveguide. 

Other forms of temperature control means and temperature monitoring means 
may be used for heating and monitoring the temperature of the waveguide 1 or 
selected parts of it. 



Due to the relatively high thermal expansion co-efficient of silicon 
(approximately 2x1 O^/degre. C) it may, in some circumstances, be desirable to 
accommodate thermal expansion of the thermally isolated portion of th silicon 
layer 4 extending across the recess 2 by provision of a thermal expansion gap 
1A therein Figure 3 shows an embodiment in which a gap 1A is provided in 
the waveguide extending across the recess 2. The gap 1 A may be provided at 
any position along the waveguide, but for ease of fabrication it is preferably 
provided near or at one end of the waveguide 1 as shown in Figure 3. The gap 
1 A should be of sufficient size to accommodate the maximum expected thermal 
expansion of the waveguide but will typically need to be less than one micron 
wide. However, depending on the fabrication proceed used, it may in practice, 
be larger than required. A gap of a few microns width will have negligible effect 
on the transmission of light along the rib waveguide. 

The ends of the waveguide 1 on each side of the gap 1A are preferably 
provided with an anti-reflective (AR) coating to reduce Fresnel losses to 
negligible levels and the facets at the ends of the waveguides on each side of 
the gap 1A are preferably angled relative to the perpendicular to the length of 
the waveguide to reduce any remaining back reflections. Figure 5A shows the 
angled facets provided at the ends of the waveguide 1 either side of the gap 
1A. 

Depending on the length of the thermally isolated portion of silicon layer 4 
extending across the recess 6, and the dimensions and hence strength thereof, 
it may, be desirable to provide the suspended portion with localised support as 
it crosses the recess 2. This may comprise beams 8 formed from the silicon 
layer 4 together with the underlying oxide layer extending out from the sides of 
the V-groove to help support the suspended portion as shown in Figure 4. 
Other forms of support which increase the strength of the thermally isolated 
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The SOI chip described above is particularly suited to forming a suspended 
portion of a silicon layer as the oxid layer 6 underlying the silicon layer 4 serv s 
to protect the silicon layer 4 from being attacked by the etchant used to form th 
recess 2. The use of an anisotropic etchant such as CsOH or KOH which etches 
silicon much faster than it etches silicon dioxide can thus be used to form the 
structure illustrated. 

\- It will be appreciated that other forms of recess 2 may be used, the V-groove just 
being an example which is particularly easy to form. As illustrated in Figure 1 , 
the waveguide 1 preferably extends obliquely across the V-groove 2 as if it 
extended parallel* to the V-groove, the etching process would tend to form two 
parallel V-grooves either side of the waveguide rather than etching beneath the 
waveguide. The recess need only be of a size sufficient to provide the required 
thermal isolation of the waveguide 1. 

The ability to thermally stabilise a waveguide and/or control its temperature and 
therefore properties such as its refractive index has potential use in a wide 
variety of applications, e.g. as a tuneable arm of an interferometer, tuneable 
gratings, in switches, tuneable filters etc, and particularly in applications 
requiring tuning over a timescale of a few milliseconds and, as mentioned above, 
this can be achieved using currents only in the order of milliamps. 

Although the embodiment described above relates to the thermal isolation and 
temperature control of a waveguide extending across a recess, a similar 
structure may be used to thermally stabilise and/or control the temperature of 
other integrated optical components or devices. A device may, for instance, be 
supported or formed on a silicon bridge or projection analogous to that described 
above, or a plurality of components or a section of an integrated circuit may 
likewise be provided or formed on such a structure to thermally isolate it from the 
surrounding structures and/or adjacent devices. In each case, the bridge or 
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circuit may likewis be provided or formed on such a structure to thermally 
isolat it from the surrounding structures and/or adjacent d vices. In each 
case, th bridge or projection comprises a portion of the silicon layer 4 
(together with the underlying oxide layer) which extends across or over a 
recess in the substrate 5. Any form of integrated optical component, device or 
circuit which can be formed in a silicon layer, and which can be fitted onto such 
a suspended portion, may likewise be formed thereon. 
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CLAIMS 

1 An integrated optical circuit formed in a silicon layer and supported on a 
substrate, a portion of the silicon layer being substantially thermally 
isolated from the substrate by extending over a recess in the substrate 
and temperature control means being provided to control the temperature 
of the said portion of the silicon layer or of a device provided thereon. 

2. An integrated optical circuit as claimed in Claim 1 in which the 
temperature control means comprises a metallic layer which may be 
heated by passing a current therethrough. 

3. An integrated optical circuit as claimed in Claim 1 or 2 in which 
temperature sensing means are provided for monitoring the temperature 
of the said portion. 

4. An integrated optical circuit as claimed in Claim 3 in which the 
temperature sensing means comprises a pn junction formed on, the said 
portion. 

5. An integrated optical waveguide as claimed in any preceding claim in 
which the said portion is provided with a thermal expansion gap to 
accommodate differential thermal expansion of the said portion relative to 
the substrate. 

6. An integrated optical circuit as claimed in Claim 5 in which the gap is 
provided near or at one end of the said portion. 
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8. An integrat d optical circuit as claimed in Claim 7 in which the support 
comprises a beam extending from an dge of the recess to the said portion. 

9. An integrated optical circuit as claimed in any preceding claim in which an 
integrated waveguide, formed in the silicon layer, is provided on the said 
portion. 

10. An integrated optical circuit as claimed in Claim 9 in which the waveguide 
comprises a silicon rib waveguide. 

11. An integrated optical circuit as claimed in Claims 5 and 9 in which the 
waveguide is provided with angled facets on each side of the gap to reduce 
back-reflections therefrom. 

12. An integrated optical circuit as claimed in Claim 5 and 9 or Claim 11 in 
which the ends of the waveguide on either side of the gap are AR coated. 

13. An integrated optical circuit as claimed in any preceding claim in which the 
said portion has a length in the range 50 to 1000 microns. 

14. An integrated optical circuit as claimed in any preceding claim in which the 
said portion has a width of up to 40 microns and a thickness of up to 14 
microns. 

15. An integrated optical circuit as claimed in any preceding claim in which the 
recess comprises a V-groove. 

16. An integrated optical circuit as claimed in any preceding claim formed from 
a silicon-on-insulator chip. 
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An integrated optical circuit as claimed in any preceding claim formed 
from a silicon-on-insulator chip. 

An integrated optical circuit substantially as hereinbefore described with 
reference to the accompanying drawings. 
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A Aidments to the claims have beemtsd as folows 



CLAIMS 

1. An int grated optical circuit formed in a silicon layer and supported on a 
substrate, a portion of the silicon layer being substantially thermally 
isolated from the substrate by extending over a recess in the substrate and 
temperature control means being provided to control the temperature of the 
said portion of the silicon layer or of a device provided thereon. 

2. An integrated optical circuit as claimed in Claim 1 in which the temperature 
control means comprises a metallic layer which may be heated by passing 
a current therethrough. 

3. An integrated optical circuit as claimed in Claim 1 or 2 in which temperature 
sensing means are provided for monitoring the temperature of the said 
portion. 

4. An integrated optical circuit as claimed in Claim 3 in which the temperature 
sensing means comprises a pn junction fornted on the said portion. 

5. An integrated optical waveguide as claimed in any preceding claim in which 
the said portion is provided with a thermal expansion gap to accommodate 
differential thermal exDansion of the said portion relative to the substrate. 

6. An integrated optical circuit as claimed in Claim 5 in which the gap is 
provided near or at one end of the said portion. 

7. An integrated optical circuit as claimed in any preceding claim provided 
with one or more supports for supporting the said portion as it extends over 
the recess. 



8. An int grated optical circuit as claimed in Claim 7 in which the support 
comprises a beam extending from an edge of the recess to the said portion. 

9. An integrated optical circuit as claimed in any preceding claim in which an 
integrated waveguide, formed in the silicon layer, is provided on the said 
portion. 

10. An integrated optical circuit as claimed in Claim 9 in which the waveguide 
comprises a silicon rib waveguide. 

11. An integrated optical circuit as claimed in Claims 5 and 9 in which the 
waveguide is provided with angled facets on each side of the gap to reduce 
back-reflections therefrom. 

12. An integrated optical circuit as claimed in Claim 5 and 9 or Claim 11 in 
which the ends of the waveguide on either side of the gap are AR coated. 

13. An integrated optical circuit as claimed in any preceding claim in which the 
said portion has a length in the range 50 to 1000 microns. 

14. An integrated optical circuit as claimed in any preceding claim in which the 
said portion has a width of up to 40 microns and a thickness of up to 14 
microns. 

15. An integrated optical circuit as claimed in any preceding claim in which the 
recess comprises a V-groove. 



16. 



An integrated optical circuit as claimed in any preceding claim formed from 
a silicon-on-insulator chip. 
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An integrated optical circuit substantially as hereinbefore described with 
referenc to the accompanying drawings. 



